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METHOD, APPARATUS, AND SYSTEM FOR ENABLING COMMUNICATION 
BETWEEN SECOND GENERATION AND THIRD GENERATION 
PACKET DATA NETWORKS 
BACKGROUND 

5 This application claims priority from U.S. Provisional Patent Application 

No. 60/152,748, which was filed on September 8, 1999, and which is expressly 
incorporated here by reference. 

This invention relates generally to a method, apparatus, and system for enabling 
communication between networks. More particularly, this invention relates to a method, 
10 apparatus and system and method for enabling communication between second 
generation and third generation packet data networks. 

There are many types of public land mobile networks (PLMNs), e.g., a Global 
System for Mobile Communications (GSM), a Digital Cellular System for Mobile 
Communications (DCS 1800), and a Personal Communication System (PCS). These 
15 networks provide a wide range of services and facilities to mobile subscribers that are 
roaming around between individual cells of the mobile radio communication networks. 
These networks support circuit-switched communication. 

Global Packet Radio Service (GPRS) has been developed to support packet- 
switched communication. GPRS is supported in second generation systems, e.g., second 
20 generation GSM systems. 

A Universal Mobile Telecommunications System (UMTS) is currently being 
standardized within the 3rd Generation Partnership Project (3GPP), which is a cross- 
regional cooperative project to develop a third generation standard which can be accepted 
in as many regions of the world as possible. The UMTS will build on the success of the 
25 GSM system. 

The UMTS will support both circuit-switched data communication and packet- 
switched communication. Thus, the UMTS will be useful for exchanging voice and non- 
voice data quickly and efficiently. 

FIG. 1 illustrates an exemplary network supporting circuit-switched and packet- 
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switched communication. In FIG. 1, a mobile station (MS) communicates with one or 
more Public Land Mobile Networks (PLMNs). A first network (PLMN1) is considered 
the Home PLMN (HPLMN) and includes a Home Location Register (HLR) containing 
subscriber data for subscribers to the network. The HPLMN also includes a Gateway 
5 GPRS Support Node (GGSN) for enabling packet-switched communication. PLMN2 and 
PLMN3 are considered visiting PLMNs. Each PLMN, other than the HPLMN, includes 
one or more Mobile Switching Centers (MSCs) for performing circuit switching for the 
mobile station and one or more Visitor Location Registers (VLRs) for storing data 
regarding subscribers to other networks that may be roaming in the network. The 
10 PLMNs also include Serving GPRS Support Nodes (SGSNs) for supporting packet- 
switched communication. 

The HLR of PLMN1 communicates with VLR1, VLR2, and VLR3 for updating 
subscriber information, e.g., when a subscriber roams into an area served by one of these 
VLRs. The VLRs also communicate with each other. 
1 5 The SGSNs are at the same hierarchal level in the network as the MSC/VLRs and 

function in a similar manner as the VLRs, but for packet-switched communication. The 
SGSNs keep track of the location of the GPRS user, perform security functions, and 
handle access control. The SGSNs communicate with the HLR to obtain subscriber 
profiles. The SGSNs also communicate with each other, and the SGSN of PLMN3 
20 communicates with the base station subsystem (BSS) which, in turn, communicates with 
the MSC connected to VLR2 and with the MS. 

The GGSN is the interconnection point for packet data between the GPRS 
network and the public data network. The GGSN is connected to the SGSNs via an 
Internet Protocol (IP) backbone. User data, e.g., from a GPRS terminal to the Internet, is 
25 sent encapsulated over the IP Backbone. 

To accomplish roaming between GPRS and UMTS packet data networks, 
signaling between the networks and forwarding of user data are required. However, the 
network architectures for GPRS and UMTS networks are different, thus making 
interaction between the networks difficult. 
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In a second generation GPRS network, communication is performed node to node, 
as shown in FIG. 2. Second generation GPRS support nodes (2G-GSNs), e.g., GGSNs 
and SGSNs, communicate with each other using a GPRS tunneling protocol (GTP) 
described in, e.g., "GPRS Tunnelling Protocol (GTP) across the Gn and Gp Interface", 
5 GSM 09.60 ver. 6.7.0 release 1997, Draft ETSI EN 301 347 v6.7.0 (July 2000). 

In a third generation UMTS network, communication is performed in two 
different planes, as shown in FIG. 3. In FIG. 3, third generation GSN (3G-GSN) servers 
communicate with each other using a GPRS tunneling control protocol (GTP-C), and the 
3G-GSN gateways also communicate with each other using a GPRS tunneling user 
10 protocol (GTP-U). The 3G-GSN gateways also communicate with the 3G-GSN servers 
using a gateway control protocol (GCP). The 3G-GSN gateways and servers may be 
GGSNs and/or SGSNs. 

Problems occur when a second generation GPRS node (2G-GSN) attempts to 
interact with a third generation UMTS node (3G-GSN) because the 2G-GSN nodes and 
15 the 3G-GSN nodes support different kinds of protocols. As shown in FIG. 4, the GTP 
used for communication between 2G-GSN nodes tunnels both user and control data, 
while the GTP-C used for communicating between 3G-GSN servers tunnels only control 
data, and the GTP-U used for communicating between 3G-GSN gateways tunnels only 
user data. There is no protocol by which the 2G-GSN can communicate with a 3G-GSN 
20 server or a 3G-GSN gateway. Also, the GTP can only address one node, whereas the 
3G-GSN Server and 3G-GSN Gateway are placed in two different nodes. 

Currently, there is no provision permitting a 2G-GSN node to interact with the 
3G-GSN server or a 3G-GSN gateway. 

Thus, there is a need for a technique permitting 2G-GSNs to interact with 
25 3G-GSN servers and 3G-GSN gateways to permit roaming between GPRS and UMTS 
networks. 



SUMMARY 

It is therefore an object of the invention to permit interaction of different networks 



Attorney Docket No. 040020-153 -4- 
Patent 

such as second generation GPRS and third generation UMTS networks. It is a further 
object of the invention to permit roaming of a subscriber between different networks. 

According to exemplary embodiments, these and other objects are achieved by a 
method, apparatus and system for communicating between a first network in which 
5 control functions and user functions are combined in a first node and a second network in 
which user functions are implemented in a second node, and control functions are 
implemented in a third node. A determination is made whether data received includes 
control data. If so, control data is extracted from the data and forwarded to the third 
node. The control data is used for resource handling. The extraction and forwarding may 

10 be performed in the first, second, or third node or at any place in between. If the received 
data does not contain control data, control data is added at the third node and forwarded 
to the second node. The first network may be a second generation data packet network, 
e.g., a Global Packet Radio Service (GPRS) network, and the second network may be a 
third generation packet data network., e.g., a Universal Mobile Telecommunication 

1 5 System (UMTS) network. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The features, objects, and advantages of the invention will become apparent by 
reading this description in conjunction with the accompanying drawings, in which like 
20 reference numerals refer to like elements and in which: 

FIG. 1 illustrates an exemplary network supporting circuit-switched and packet- 
switched communication; 

FIG. 2 illustrates an exemplary second generation GPRS communication 
architecture; 

25 FIG. 3 illustrates an exemplary third generation UMTS communication 

architecture; 

FIG. 4 illustrates a problem encountered when attempting to interact between 
UMTS and GPRS networks; 

FIGS. 5 A and 5B illustrate exemplary systems for communicating between a 
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second generation GPRS network and a third generation UMTS network; 
FIG. 6 illustrates a GTP header; and 

FIG. 7 illustrates a method for communicating between a second generation 
GPRS network and a third generation UMTS network. 

5 

DETAILED DESCRIPTION 

The following describes exemplary embodiments of methods and apparatus that 
enable different networks to communicate with each other. Communication is made 
possible by using a protocol splitter to separate user data and control data. 

10 FIGS. 5 A and 5B illustrate exemplary systems for enabling communication 

between a second generation network and a third generation network. 

In FIG. 5 A, communication in the direction from the 2G-GSN node to the 
3G-GSN gateway is shown, while in FIG. 5B, communication in the direction of the 
3G-GSN gateway to the 2G-GSN is shown. 

1 5 Referring to FIG. 5 A, when control data is transferred from a 2G-GSN node to the 

3G-GSN gateway, a GTP protocol splitter extracts the control data from the GTP tunnel 
and sends it to the 3G-GSN server. In FIG. 5 A, the GTP protocol splitter is included in 
the 3G-GSN gateway. The 3G-GSN gateway processes the user data from the 2G-GSN 
node as if it were a 2G-GGSN. The 3G-GSN server processes the control data, and 

20 resource handling is performed using a control protocol, e.g., a gateway control protocol 
(GCP), in a server-gateway control loop. Resource handling is a function implemented in 
a 3G-SGSN server that checks that there is enough resources in terms of hard disk and 
CPU memory space before allowing a user to attach to the server. If there are no 
resources left, the user will be denied access to the server. It will be appreciated that 

25 many forms of GCP may be used, e.g., H.248, XCP, or Internet Engineering Task Force 
(IETF) MEGACO. 

To distinguish between control data and user data in the data received at the 
protocol splitter functionality in the 3G-GSN gateway, two fields are provided in the GTP 
header in each packet: a version number field, and a message type field. The version 
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number field may be bits 6-8 in octet 1 of the GTP header as described in GSM 09.60, 
ver. 6.7.0 (which was cited above and is expressly incorporated here by reference). A 
value 0 in the version number field advantageously corresponds to the GTP, and other 
values may be used to indicate other versions of GTP, e.g., a protocol in which control 
5 data and user data are integrated. The message type field in the GTP header indicates 
whether the GTP packet is a control message or user data. The message type field may 
be octet 2 of the GTP header and preferably has a predetermined value, e.g., 255 (in 
decimal), for user data packages, and other values indicate control data packages. 

FIG. 6 is an outline of a GTP header that includes twenty octets, including the 

10 version number and message type fields described above, and several other fields, 

including a number of spare 1 bits, a flag SNN, a length indicating the length in octets of 
the GTP message, a sequence number that is a transaction identity for signaling messages 
and an increasing sequence number for tunnelled original packets (i.e., the payload 
tunnelled in the GTP tunnel), a flow label that unambiguously identifies a GTP flow, a 

15 tunnel identifier (TID). It will be appreciated that FIG. 6 depicts only one of many 
configurations of GTP header that can be used. 

The GTP protocol splitter functionality, together with the server-gateway control 
loop, enables communication between a GPRS traditional network architecture and an 
UMTS server-gateway network architecture. Advantageously, all interfaces conform to 

20 applicable standards. 

Control signaling in the opposite direction, i.e., from the 3G-GSN network to the 
2G-GSN network, is simpler, as illustrated by FIG. 5B. The 3G-GSN server sends GTP- 
C messages to the 3G-GSN gateway, which converts them to GTP and forwards them to 
the 2G-GSN node. A command on the GTP-C link to the 3G-GSN server from the GTP- 

25 splitter, e.g., in the 3G-GSN gateway, results in a new command on the GCP link back to 
the 3G-GSN gateway. 

An event in the 3G-GSN gateway, triggered by, e.g., an incoming GTP control 
packet as in FIG. 5B, triggers a GCP-notification to be sent to the 3G-GSN server. The 
3G-GSN server then sends GTP-C packets to the 3G-GSN gateway, which converts them 
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to GTP packets and forwards them to the 2G-GSN node. 

By implementing the GTP protocol splitter and a server-gateway control loop in 
the 3G-GSN gateway, full integration with the second generation GPRS network is made 
possible. The GTP protocol splitter may be implemented in a 3G-GSN gateway. The 
5 user traffic is processed inside the 3G-GSN gateway, and the control traffic is forwarded 
to and from the corresponding 3G-GSN server. Therefore, no additional protocols are 
required for the server. Also, the network operator does not require additional equipment 
to make the UMTS network interact with GPRS. The converter enables the operator to 
introduce UMTS in a limited area without affecting the 2G-GSN nodes. Communication 

10 between traditional network architecture and a server-gateway architecture is enabled, and 
the IP address problem when these architectures communication is solved. Traditional 
combined nodes (2G-GSN) do not need to be upgraded to communicate with server- 
gateway nodes (3G-GSN). 

The 3G-GSN gateway acts as a 2G-SGSN node for uplink communication, i.e., 

15 for traffic from a 3G-SGSN gateway to a 2G-SGSN node. However, the downlink traffic 
is also made possible, e.g., when the 2G-GSN node is a GPRS GGSN. In such a case, for 
downlink traffic, the GTP still go to the 3G-GSN gateway, but the 3G-GSN gateway acts 
as a 2G-SGSN. 

Although described above as being located in the 3G-GSN gateway, the GTP 
20 protocol splitter may be physically located in a separate box or node. In terms of 

hardware, the GTP splitter can be implemented in an integrated circuit, such as a field 
programmable gate array (FPGA) or other application specific integrated circuit (ASIC), 
mounted on a printed circuit board, which preferably is an already existing interface 
board in the node. 

25 FIG. 7 illustrates an exemplary method for communicating between different 

networks. The method begins at step 700 at which a determination is made whether data 
received at the protocol splitter contains control data by detecting the GTP header. If the 
received data contains control data, the control data is separated from the received data at 
step 710 and forwarded to the 3G-GSN server at step 720. The 3G-GSN server then 
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transmits commands for resource handling to the 3G-GSN gateway via the GCP at steps 
730-760. If, at step 700, it is determined that the received data does not contain control 
data, the 3G-GSN gateway simply processes the packet and forwards it to the 2G-GSN in 
step 770. 

5 It will be appreciated by those of ordinary skill in the art that this invention can be 

embodied in other specific forms without departing from its essential character. The 
embodiments described above should therefore be considered in all respects to be 
illustrative and not restrictive. 
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WE CLAIM: 

1 . A method for enabling communication between a first network in which 
control functions and user functions are combined in a first node and a second network in 
which user functions and control functions are separately implemented in second and 

5 third nodes, respectively, the method comprising the steps of: 

determining whether received data contains control data; and 
if the received data contains control data, extracting control data from the 
received data and forwarding the control data to the third node for resource handling. 

2. The method of claim 1, wherein if the received data does not contain 

10 control data, the received data is processed by the second node and then forwarded to the 
first node. 

3. The method of claim 1, wherein the steps of extracting and forwarding 
are performed in the second node. 

4. The method of claim 1 , wherein the first network is a second generation 
1 5 packet data network, and the second network is a third generation packet data network. 

5 . The method of claim 4, wherein the first network is a second generation 
Global Packet Radio Service (GPRS) network, and the second network is a third 
generation Universal Mobile Telecommunication System (UMTS) network. 

6. An apparatus for enabling communication between a first network in 
20 which control functions and user functions are combined in a first node and a second 

network in which control functions and user functions are separately implemented in 
second and third nodes, respectively, the apparatus comprising: 

a detector for detecting whether received data contains control data; 
a protocol device for extracting control data from the received data and 
25 forwarding the control data to the third node for resource handling, if the detector 
determines that the received data contains control data. 

7. The apparatus of claim 6, wherein if the received data does not contain 
control data, the received data is forwarded by the third node to the first node. 

8. The apparatus of claim 6, wherein the device is included in third node. 



Attorney Docket No. 040020-153 -10- 
Patent 

9. The apparatus of claim 6, wherein the first network is a second 
generation packet data network, and the second network is a third generation packet data 
network. 

10. The apparatus of claim 9, wherein the first network is a second 

5 generation Global Packet Radio Service (GPRS) network, and the second network is a 
third generation Universal Mobile Telecommunication System (UMTS) network. 

11. A system for enabling communication between a First network in which 
control functions and user functions are combined in the same node and another network 
in which user functions and control function are implemented in separate nodes, the 

10 system comprising: 

a first node in the first network, wherein user functions and control 
functions are handled in the first node; 

a second node in the second network wherein user functions are handled in 
the second node; 

15 a third node in the second network wherein control functions are handled 

in the third node; and 

a device for determining whether received data contains control data, and, 

if received data contains control data, extracting control data from the received data and 

forwarding the control data to the third node. 
20 12. The system of claim 11, wherein if the third node wants to forward control 

data to the first node, the third node first forwards the control data to the second node, 

which converts the control data to GTP and forwards the GTP control data to the first 

node. 

13. The system of claim 11, wherein the device is included in the second node. 
25 14. The system of claim 1 1 , wherein the first network is a second generation 

packet data network, and the second network is a third generation packet data network. 

15. The system of claim 14, wherein the first network is a second generation 
Global Packet Radio Service (GPRS) network, and the second network is a third 
generation Universal Mobile Telecommunication System (UMTS) network. 
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ABSTRACT 

Communication is enabled between a first network in which control functions and 
user functions are combined in a first node and a second network in which user functions 
are implemented in a second node, and control functions are implemented in a third node, 
5 A determination is made whether data received contains control data. If so the control 
data is extracted from the received data and is forwarded to the third node in which 
control functions are handled. The control data is used for resource handling. The 
extraction and forwarding may be performed in the first, second, or third node or at any 
place in between. If the received data does not contain control data, control data is added 
10 at the third node and forwarded to the second node. The first network may be a second 

generation data packet network, e.g., a Global Packet Radio Service (GPRS) network, and 
the second network may be a third generation packet data network., e.g., a Universal 
Mobile Telecommunication System (UMTS) network. 




CD 



MS 



2G-GSN 



GTP 



2G-GSN 



^16- 2- 



3G-GSN 
server 



I 



3G-GSN 
gateway 



GTP-C 



GTP-U 



3G-GSN 
server 



I 



3G-GSN 
gateway 



GTP 




GTP-C 



3G-GSN 
server 



GTP-U 



3G-GSN 
gateway 



Control 
data 



2G- 
GSN 



GTP 




3G-GSN 
Server 




I 



GCP 



3G-GSN 
Gateway 



User 
data 



3G-GSN 
Server 





FIG. 6 



COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY 
(Includes Reference to Provisional and PCT International Applications) 



ATTORNEY'S DOCKET NUMBER 
040020-153 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name; 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if plural 
names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention entitled: 

Method, Apparatus, and System for Enabling Communication Between Second Generation 

and Third Generation Packet Data Networks 

the specification of which (check only one item below): 
is attached hereto. 

was filed as United States application 

Number 

on 

and was amended 

s \% on (if app licable). 

was filed as PCT international application 

f'f Number 

on 

;;1 and was amended under PCT Article 19 and/or PCT Article 34 
: -l on (if app licable). 

■J I hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, as 
;J amended by any amendment referred to above. 

I acknowledge the duty to disclose to the Office all information known to me to be material to patentability as defined in Title 37, 
Code of Federal Regulations, § 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, §§119 (a)-(e) of any foreign application(s) for patent 
or inventor's certificate or of any PCT international application(s) designating at least one country other than the United States of 
America listed below and have also identified below any foreign application(s) for patent or inventor's certificate or any PCT 
international application(s) designating at least one country other than the United States of America filed by me on the same 
subject matter having a filing date before that of the application(s) of which priority is claimed: 



PRIOR FOREIGN/PCT APPLICATION(S) AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. § 119: 



COUNTRY 
Of PCT, indicate "PCT") 


APPLICATION NUMBER 


DATE OF FILING 
{day, month, year) 


PRIORITY CLAIMED 
UNDER 35 U.S.C. § 119 








_Yes _ No 








„Yes „ No 








__Yes _ No 








_Yes No 








_Yes _ No 



I hereby claim the benefit under Title 35, United States Code § 119(e) of any United States provisional application(s) listed below. 



60/152,748 September 8, 1999 

(Application Number) (Filing Date) 



(Application Number) (Filing Date) 



Page 1 of _3 



(7/99) 



COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY (CONTINUED) 
(Includes Reference to Provisional and PCT International Applications) 



ATTORNEY'S DOCKET NO. 

040020-153 



I hereby claim the benefit under Title 35, United States Code, § 120 of any United States applications(s) or PCT international 
application(s) designating the United States of America that is/are listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in that/those prior application(s) in the manner provided by the first paragraph of Title 
35, United States Code, § 112, I acknowledge the duty to disclose to the Office all information known to me to be material to the 
patentability as defined in Title 37, Code of Federal Regulations § 1.56, which became available between the filing date of the 
prior application(s) and the national or PCT international filing date of this application: 


PRIOR U.S. APPLICATIONS OR PCT INTERNATIONAL APPLICATIONS DESIGNATING THE U.S. FOR BENEFIT UNDER 35 U.S.C. § 120: 


U.S. APPLICATIONS 


STATUS (check one) 


U.S. APPLICATION NUMBER 


U.S. FILING DATE 


PATENTED 


PENDING 


ABANDONED 
































PCT APPLICATIONS DESIGNATING THE U.S. 








PCT APPLICATION NO. 


PCT FILING DATE 


U.S. APPLICATION NUMBERS 
ASSIGNED (if any) 













































I heriby appoint the following attorneys and agent(s) to prosecute said application and to transact all business in the Patent and 
Trad|tiark Office connected therewith and to file, prosecute and to transact all business in connection with international applications 
direclell to said invention: 



Wiyilm L. Mathis 


17,337 


Eric H. Weisblatt 


30,505 


Bruce T. Wieder 


33,815 


Robert S. Swecker 


19,885 


James W. Peterson 


26,057 


Todd R. Walters 


34,040 


Pla&l N. Mandros 


22,124 


Teresa Stanek Rea 


30,427 


Ronni S. Jillions 


31,979 


Befithia S. Duffett, Jr. 


22,030 


Robert E, Krebs 


25,885 


Harold R. Brown III 


36,341 


Nofrnan H. Stepno 


22,716 


William C. Rowland 


30,888 


Allen R. Baum 


36,086 


RorJ® L. Grudziecki 


24,970 


T. Gene Dillahunty 


25,423 


Steven M. duBois 


35,023 


Frederick G. Michaud, Jr. 


26,003 


Patrick C. Keane 


32,858 


Brian P. Q'Shaughnessy 


32,747 


Alan E. Kopecki 


25,813 


Bruce J. Boggs, Jr. 


32,344 


Kenneth B. Leffler 


36,075 


Regis E. Slutter 


26,999 


William H. Benz 


25,952 


Fred W. Hathaway 


32,236 


Samuel C. Miller, III 


27,360 


Peter K. Skiff 


31,917 




Robert G. Mukai 


28,531 


Richard J. McGrath 


29,195 


lll'li Hill II II 


1 


George A. Hovanec, Jr. 


28,223 


Matthew L. Schneider 


32,814 
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James A. LaBarre 


28,632 


Michael G. Savage 


32,596 




E. Joseph Gess 


28,510 


Gerald F. Swiss 


30,113 






R. Danny Huntington 


27,903 


Charles F. Wieland III 


33,096 







and: Stephen J. Tytran, Reg. No. 45,846 



Address all correspondence to: 



21839 



Ronald L. Grudziecki 

Burns, Doane, Swecker & Mathis, l.l.p. 
P.O. Box 1404 

Alexandria, Virginia 22313-1404 



Address all telephone calls to; Michael G. Savage 



at (919) 941-9240. 



[ hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and 
Delief are believed to be true; and further that these statements were made with the knowledge that willful false statements and the 
ike so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
'uch willful false statements may jeopardize the validity of the application or any patent issued thereon. 
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ATTORNEY'S DOCKET NO. 

040020-153 



FULL NAME OF SOLE OR FIRST INVENTOR 
Tonv KRSTANOVSKI 


SIGNATURE 


DATE 


RESIDENCE 
Molndal, Sweden 


CITIZENSHIP 

Swedish 


POST OFFICE ADDRESS 

Hagakersgatan 4D, S-431 41 Molndal, Sweden 


FULL NAME OF SECOND JOINT INVENTOR, IF ANY 
Hans RONNEKE 


SIGNATURE 


DATE 


RESIDENCE 
Kimgsbacka, Sweden 


CITIZENSHIP 
Swedish 


POST OFFICE ADDRESS 

Kallasgardsgatan 18, S-434 36 Kungsbacka, Sweden 


FULL NAME OF THIRD JOINT INVENTOR, IF ANY 
Hans-Olof SUNDELL 


SIGNATURE 


DATE 


RESIDENCE 
; Ockero, Sweden 


CITIZENSHIP 
Swedish 


\ POST OFFICE ADDRESS 
Box 17 Kalvsund, S-430 90 Ockero, Sweden 


FULL NAME OF FOURTH JOINT INVENTOR, IF ANY 
Klas HJELMGREN 


SIGNATURE 


DATE 


RESIDENCE 
Goteborg, Sweden 


CITIZENSHIP 
Swedish 


POST OFFICE ADDRESS 

Erik Dahlbergsgatan 19, S-411 26 Goteborg, Sweden 


FULL NAME OF FIFTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


j RESIDENCE 


CITIZENSHIP 


] POST OFFICE ADDRESS 


FULL NAME OF SIXTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 


FULL NAME OF SEVENTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 


FULL NAME OF EIGHTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 


FULL NAME OF NINTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 



POST OFFICE ADDRESS 
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